A recent market forecast has predicted that the global market for video games will rise to $82 billion in 2017 (http://www. forbes.com/sites/johngaudiosi/2012/07/18/new-reportsforecasts-global-video-game-industry-will-reach-82-bil lion-by-2017/). The growth is driven by factors including advances in graphics hardware and proliferation of mobile devices. The ubiquity of network connections has also driven up the demand for online gaming, with the market forecasted to reach $35 billion by 2017 (http://www.for bes.com/sites/johngaudiosi/2012/07/18/new-reports-fore casts-global-video-game-industry-will-reach-82-billionby-2017/). This increasing number of game players desire better playing experiences, straining the underlying network and system architecture, and introduces new research questions that require synthesis of a variety of research areas.
This special issue focuses on network and systems aspects of games, and covers research and engineering topics that help understand networked games of today and enable the next generation of future networked games. We invited 19 selected papers published in the NetGames 2012
Workshop to expand their work and to submit to the special issue. We also received seven papers that are submitted as a result of the open call for papers. In total, 18 papers have been submitted. After a rigorous reviewing process, we accepted 11 of the submissions to appear in this special issue. The accepted papers cover a wide range of topics in network and systems support for games, including cloud gaming, mobile gaming, and security.
Cloud gaming has recently emerged as a new service that offers the possibility to play online games using any terminal, such as a tablet, a smartphone, or a TV screen. The concept is based on cloud computing principles, where most of the processing is achieved in the cloud and the audio/video rendering is streamed to thin terminals. Pushing the complexity toward data centers and network infrastructures offers many advantages to the customers and to the gaming industry, but it also raises many technical and scientific challenges that have recently attracted a growing attention from the researchers and the developers. Addressing these issues requires, as a preliminary step, a better understanding of this emerging service.
The first five papers of this special issue address a wide range of important issues related to cloud gaming. The Paper ''Dissecting the Protocol and network Traffic of the OnLive Cloud Gaming platform'' provides a detailed analysis of the traffic associated to a popular cloud gaming platform. The different phases of the game sessions are identified and the associated data traffic is characterized in terms of bandwidth, packets size and arrival time distributions. Using these observations, the authors propose a very useful mathematical model of cloud gaming traffic.
The paper ''On the Performance of OnLive Thin Client Games'' aims to provide a deep understanding of the traffic associated with cloud gaming, where traffic features are studied and compared to other multimedia services like VoIP or video streaming. In particular, the authors provide a deep analysis of traffic behavior under the effect of different network imperfections, such as packets' loss, delays variation and bandwidth limitation, and discuss also the impact of these network's turbulences on the quality of experience.
Achieving a trade-off between bitrate reduction and the perceptual quality of streamed video games is the objective of the work presented in the paper ''A Game Attention Model To Efficiently Allocate Bit Rate in cloud Gaming''. The authors propose a video coding method that exploits some characteristics of the human visual system and uses high-level game-specific semantics to differentiate which areas must be coded with higher quality from those with lower quality. The subjective evaluation tests show that the method can result in 25 % less bandwidth with little to no perceived impact on the gameplay.
In the paper ''A Hybrid Edge-Cloud Architecture for Reducing On-Demand Gaming Latency'', the authors investigate the feasibility of deploying video games in the cloud. Through a large-scale measurement study, the authors identify latency as a significant factor that affects the deployment of game applications in existing cloud infrastructures. Several alternative deployment models are then examined and compared, whereby the authors argue in favor of a hybrid model that consists of using edge-servers in addition to the cloud for ensuring low latency as well as high serving and hosting capacities. The study is completed by examining various edge-server site selection and game placement strategies, and their effect on the ability of the system to serve end-users.
The paper ''SLA-based Operations of Massively Multiplayer Online Games in Clouds'' proposes a new model for hosting and provisioning MMOGs that involve three components: game providers, game operators, and resource providers, with the game operators acting as intermediary that provisions resources intelligently for game providers. The authors showed that such three-tier model can mitigate the effects of resource failures and reduces the operation cost significantly.
With the current mobile computing revolution and the proliferation of smart devices, users are more likely to use smart mobile devices for a wide variety of applications, including video games. Unlike other applications, video games in general, and multiplayer online games in particular, are extremely latency-sensitive and resourceintensive in terms of the processing power, display capabilities, and network bandwidth (specifically in cloud gaming) that they require. As the mobile gaming trend will continue to grow, driven by strong user demand, significant challenges thus remain to be solved to bring realistic and immersive game experiences to resourceconstrained devices.
The next two papers address some of the current challenges facing the mobile gaming technology. In the paper ''Opportunistic Mobile Games Using Public Transportation Systems: a Deployability Study'', the authors studied how a location-based and context-based mobile games can be implemented over contact-based opportunistic networking provided by public transportation systems. The paper provides an insight into mobile game designers on how to design a game that requires contact among players in a complex urban environment.
The paper ''Lightweight Graphics Instrumentation for Game-State specific Power Management in Android'' tackles the problem of power consumption of mobile games running on resource-constrained devices. The authors propose a power saving approach that detects a game's current state and predicts future workload of frames to achieve state-specific power management by dynamically scaling the processor's frequency according to the target frame rate. By intercepting calls to the graphics library, the proposed approach cleverly sits outside the game and does not require the modification of the game's source code.
Security and trustworthiness are undoubtedly among the most challenging issues facing any fully distributed P2P application and service, and video games are no exception. Scalability, fault-tolerance, and cost-effectiveness are among the key motivations behind the numerous efforts underlying the design of fully distributed multiplayer online games. However, these advantages come at the high price of an architecture lacking a trusted authority, and thus more prone to cheating and other general security breaches. As such, security and trustworthiness issues need to be addressed in order to make fully distributed multiplayer games a viable option, which is the focus of the next two papers.
The paper ''Towards a scalable refereeing system for online gaming'' addresses the problem of cheating, central to fully decentralized multiplayer gaming architectures. A probabilistic peer-to-peer-based solution for refereeing online multiplayer games is proposed, where referees are chosen dynamically and in sufficient number to reduce cheating to an acceptable level, making peer-to-peer gaming architectures viable.
Securely trading virtual items in a completely distributed way in multiplayer games is the focus of the paper ''Secure Peer-to-Peer Trading in Small and Large-Scale Multiplayer Games''. Following a peer-to-peer approach, the authors propose a scalable and secure trading protocol where items are exchanged fairly and are not duplicated. Interestingly, the proposed protocol, discussed in the context of both small and large-scale multiplayer games, can be used for other applications beyond games where fairly trading digital assets is needed. While the papers above have investigated into various research issues, the next paper has tried to improve on the research methodologies of networked games research. To evaluate a solution in a reproducible way, researchers often resort to simulations based on synthetic workloads. While traditionally, such workloads are often generated based on a mobility model of players, the paper ''On Synthetic Workloads for Multiplayer Online Games; A Methodology for Generating Representative Shooter Game Workloads'' found that modeling the AI of the player can lead to a more representative workload that is closer to that generated by real human players, and therefore could lead to a more realistic synthetic workload for evaluation.
Last but not least, our final paper in this special issue, ''QoE Assessment of Fairness in Networked Game with Olfaction: Influence of Time It Takes for Smell to Reach Player'' ventures into future networked gaming experiences by including olfactory as one of the media involved in playing games. In particular, the paper studied the effect of network latency on the perceived fairness of a game where players need to make a decision based on the odor emitted during game play.
At the end, we would like to express our gratitude to all the reviewers of this special issue, as well as all the NetGames 2012 TPC members whose feedback and rigorous observations and comments directly influenced the high quality of the extended versions of the NetGames 2012 selected papers.
